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非線形超音波法を用いたCr-Mo-V鋼のクリープ損傷評価
大 谷 俊 博＊
Nonlinear Acoustic Evaluation of Creep Damage in a Cr-Mo-V Steel
Abstract :
A nonlinear acoustic measurement is studied for creep damage evaluation. An electromagnetic 
acoustic transducer （EMAT） magnetostrictively couples to a surface-shear-wave resonance along 
the circumference of a cylindrical specimen during creep of Cr-Mo-V steels. Excitation of the EMAT 
at half of the resonance frequency caused the standing wave to contain only the second-harmonic 
component, which was received by the same EMAT to determine the second-harmonic amplitude. 
This measured surface-wave nonlinearity showed the peaks at 30% and the minimum at 50% of the 
total life. We interpreted these phenomena in terms of dislocation mobility and restructuring, with 
support from the SEM and TEM observation. This noncontact resonance-EMAT measurement can 
monitor the evolution of the surface-shear-wave nonlinearity throughout the creep life and has a 
potential to assess the damage advance and to predict the creep life of metals.
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Fig. 1. Axial-shear-wave EMAT consisting of a solenoid 
coil and a meander-line coil surrounding the 
cylindrical surface. The magnetostrictive 
mechanism causes the axial surface SH wave.














































14 mm φ of SNB16 steel
Fig. 2. Measured resonant spectrum for Cr-Mo-V steel 
of 14mm diameter with N=49. Static fi eld intensity 
was 12.7 kA/m.
Table 1　Chemical composition of JIS-SNB16 [wt%].
C Si Mn P S Cr Mo V Fe











































の音速 Cの関係から k=2π fm（N）/Cで表される．本研究
で N=49 の蛇行コイルを用いた．Fig. 2 に測定した共
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Fig. 3. Amplitude distribution of the axial-shear-wave for 
the lowest three modes at N=49 in Cr-Mo-V steel 
with 14mm diameter.

































Fig. 4. Resonance spectra for the fundamental and the 









































プ曲線から推定寿命 trを推定し，推定寿命消費率 t / tr




























Life fraction, t/tr [%]
:25 MPa 923 K
Fig. 5. Reached creep strain versus estimated life 
fraction（25MPa, 923 K）.













































































Fig. 6. Relationship between（a）the creep strain, 
the strain rate,（b）the attenuation coefficient, 
 ,  relative velocity rate,（V-V0）/V0,（c）the 
nonlinearity, A2/A1 and estimated life fraction, t / tr 
during creep（25MPa, 923K）. Fig. 7.
SEM micrographs of crept specimens at（a）t/tr=0 
and（b）t/tr=0.84（25MPa, 923K）.
音速）の変化をしめす．減衰係数 は t / tr=0.3 でピー



















































































923 K, 25 MPa (a)
Fig. 8. Microstructure evolution as creep progressed 
（25MPa, 923K）；（a） change of the average 
diameter of precipitate and distance between 



















































































Fig. 9. Transmission electron micrographs of crept 
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